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ABSTRACT
In this paper we study the effect of reacceleration provided by turbulences on electrons
produced by dark matter (DM) annihilation in the Coma cluster. We use a simplified
phenomenological model to describe the effect of the turbulences, and explore a limited
subset of three possible DM models for neutralino particles with different mass and an-
nihilation channel. We find that, for values of the annihilation cross section of the order
of the upper limits found with Fermi-LAT measurements in astrophysical objects, and
for conservative values of the boosting factor due to DM substructures, the reacceler-
ation due to turbulences can enhance the radio emission produced by DM-originated
electrons up to the level of the observed flux of the radio halo in Coma, for moderate
reacceleration intensity in relatively short times. Therefore we conclude that, even if
it is not possible to distinguish between the fits obtained in this paper because of the
scattering present in the radio flux data, the electrons produced by DM annihilation
can be possible seed electrons for the reacceleration, as well as secondary electrons of
hadronic origin. A possible discriminant between these two classes of models is the
flux produced in the gamma ray band, that in the case of DM-originated electrons
should be more than two orders of magnitude smaller than the present Fermi-LAT
upper limits, whereas in the hadronic case the expected gamma ray flux should be
close to the value of present upper limits.
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1 INTRODUCTION
Electrons produced in dark matter (DM) annihilation pro-
cesses in galaxy clusters can, in principle, produce a diffuse
radio emission when interacting with the intra-cluster mag-
netic field (Colafrancesco, Profumo & Ullio 2006). The DM-
originated radio emission can be compared with the diffuse
radio emission observed in a number of clusters in the form
of giant radio halos (e.g. Feretti et al. 2012, Brunetti & Jones
2014, van Weeren et al. 2019).
Previous studies have shown that, while in some clusters
like the Bullet cluster (Marchegiani & Colafrancesco 2015)
and A520 (Marchegiani, Colafrancesco & Khanye 2019) the
DM-originated radio emission can be important at most in
some specific regions of the cluster, in the Coma cluster the
whole flux of the radio halo can be produced by DM anni-
hilation without violating the Fermi-LAT gamma ray upper
limits (Marchegiani & Colafrancesco 2016).
However, this last result was based on quite optimistic
assumptions on the values of the DM annihilation cross sec-
⋆ E-mail: Paolo.Marchegiani@wits.ac.za
tion and of the boosting factor due to the presence of DM
substructures. In fact, the values of the annihilation cross
section were taken from a study of the gamma ray excess in
the Galactic centre (Abazajian & Keeley 2016), while other
studies of the Galactic centre excess itself (e.g. Calore et
al. 2015) or the gamma ray upper limits in dwarf galax-
ies (Ackermann et al. 2015) have provided lower values for
the annihilation cross sections. Also, it is possible that the
Galactic centre excess is not due to DM annihilation but to
astrophysical sources (e.g. Bartels et al. 2018), and in this
case the value of the annihilation cross section determined
from the Galactic centre excess should be reduced.
Another strong argument against the interpretation of
the origin the radio halos in galaxy clusters in terms of DM
annihilation is that, while the amount of the electrons and
consquently the intensity of the produced radio emission in
DM models should strongly correlate only with the mass
of the cluster, radio halos are usually hosted in clusters in
a disturbed state, indicating an ongoing or recent merging
event. Moreover, there is a bimodality between disturbed
and relaxed clusters with similar mass and X-ray luminos-
ity, with the first ones often hosting bright radio halos, and
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the second ones having radio upper limits one or two orders
of magnitude smaller than the luminosities observed in dis-
turbed clusters (e.g. Cassano et al. 2013). The luminosity of
radio halos in fact results to be correlated, other than with
the mass or the X-ray luminosity of the cluster, also with
the level of disturbance of the cluster itself (Yuan, Han &
Wen 2015, Eckert et al. 2017).
These evidences have led to consider the magnetohydro-
dynamics (MHD) turbulences that develop during a merging
event as a possible source of diffuse reacceleration of seed rel-
ativistic electrons, that can be of primary origin, resulting
for example from shock acceleration or AGN injection (e.g.
Brunetti et al. 2001), or of secondary origin, produced in
hadronic interactions between cosmic ray protons and ther-
mal nuclei (e.g. Brunetti & Blasi 2005). At the moment the
origin of the seed electrons is still not well determined (e.g.
Pinzke, Oh & Pfrommer 2017).
The effect of turbulent reacceleration should be effective
also on electrons produced in DM annihilation processes.
This effect in principle can increase the radio emission due
to DM-originated electrons, and explain the correlation be-
tween the presence of a radio halo and the level of distur-
bance of a cluster. Until now the effect of turbulent reaccel-
eration has not been considered in DM models.
In this paper, we perform a first study of the effect of
turbulent reacceleration on DM-produced electrons, taking
the Coma cluster as a case of study. We apply a simple phe-
nomenological model of turbulent reacceleration, that does
not consider the details of the properties of the MHD waves
produced by the turbulences, to the electrons produced by
DM annihilation for a small set of DM models, for neutrali-
nos with three representative mass values and annihilation
channels, using conservative values for the annihilation cross
section and the substructures boosting factor, and we study
if the resulting radio emission has an intensity and a spec-
trum similar to the ones observed in the Coma radio halo.
A full model, considering the details of the reacceleration
process, a larger number of DM models, and taking into
account also the spatial properties of the radio emission in
Coma and other clusters, is beyond the goals of this paper,
and will be considered in the future.
Throughout the paper, we use a flat, vacuum–
dominated cosmological model following the results of the
Planck satellite, with Ωm = 0.308, ΩΛ = 0.692 and H0 =
67.8 km s−1 Mpc−1 (Ade et al. 2016). With these values the
luminosity distance of Coma at z = 0.023 is DL = 104 Mpc,
and 1 arcmin corresponds to 28.9 kpc.
2 METHODS
The time evolution of the electrons spectrum, as resulting
from the reacceleration produced by turbulences and the
energy losses, and in presence of a steady source as in the
case of the DM annihilation, is given by the equation:
∂n(p)
∂t
=
∂
∂p
[(
−
2
p
Dpp +
∑
i
∣∣∣dp
dt
∣∣∣
i
)
n(p)
+Dpp
∂n(p)
∂p
]
+Q(p) (1)
(e.g. Schlickeiser 2002), where Dpp is the diffusion coefficient
in the momentum space, |dp/dt|i contains the effect of the
energy losses due to the interaction with the magnetic field,
the CMB photons, and the thermal gas (e.g. Sarazin 1999),
and Q(p) is the source term due to DM annihilation.
Since the usual form of the diffusion coefficient as re-
sulting from different properties of the MHD waves associ-
ated to the turbulences is of the type Dpp ∝ p
2 (Brunetti &
Lazarian 2007, 2011), we assume a simple phenomenological
form as
Dpp =
χ
2
p2, (2)
so that in eq.(1) we can write −2Dpp/p = −χp, and the
corresponding characteristic acceleration time is
τacc =
p2
4Dpp
=
1
2χ
(3)
(Brunetti & Lazarian 2007). In this way, the strength of the
reacceleration is expressed through the parameter χ, that,
for typical characteristic acceleration times of the order of
several hundreds of Myr, takes values of the order of 10−17−
10−16 s−1, and results to be higher in modulus than the
loss term for Lorentz factors of the electrons of the order
of 103 − 104, i.e. in the spectral region of radio-emitting
electrons (e.g. Brunetti et al. 2001).
In order to simplify the calculations, we adopt a value
of χ not depending on the position inside the cluster, and
we do not consider the effect of the spatial diffusion of the
electrons, that in DM models can be important in mod-
ifying the radial shape of the resulting surface brightness
emission close to the central cusp of the DM distribution
(e.g. Colafrancesco et al. 2006). For the energy losses, we
instead consider the radial profile of the thermal gas nth(r)
as derived from X-ray measures (Briel, Henry & Boehringer
1992), i.e. a beta model
nth(r) = nth,0
[
1 +
(
r
rc
)2]−3β/2
(4)
(Cavaliere & Fusco-Femiano 1976) with nth,0 = 3.4 × 10
−3
cm−3, β = 0.75, and rc = 0.3 Mpc, and a magnetic field
as derived from Faraday Rotation measures, with B(r) ∝
nth(r)
1/2 and central value B0 = 4.7 µG (Bonafede et
al. 2010). As a consequence of neglecting spatial diffusion,
eq.(1) can be solved separately at each position in the clus-
ter. Consistently, we focus our discussion mainly on the radio
flux integrated over the cluster volume; for sake of complete-
ness we will show also the azimuthally averaged profile of the
radio surface brightness in a few cases, without trying to use
this further information to constrain the DM models in this
paper.
Compared to the case of reacceleration of electrons pro-
duced in hadronic interactions (e.g. Brunetti & Blasi 2005),
the case of electrons produced by DM annihilation is simpli-
fied because MHD waves associated to turbulences are not
expected to act on DM particles; for this reason, eq.(1) can
be directly used with a source spectrum Q(p) that is not af-
fected by the effect of the turbulences. The source spectrum
for DM annihilation is given by:
Q(E, r) = B〈σv〉
dN(E)
dE
NDM(r) (5)
(Colafrancesco et al. 2006), where 〈σv〉 is the thermally-
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averaged annihilation cross-section, dN/dE is the spectrum
of electrons production that can be calculated using the
DarkSusy package (Gondolo et al. 2004), and B is a multi-
plicative boosting factor produced by the effect of DM sub-
structures (Pieri et al. 2011). The function NDM(r) is the
DM pair density, NDM (r) = (ρ(r))
2/(2M2DM ), where MDM
is the mass of the DM particle, and ρ(r) is the DM density
profile, that we assume to have a Navarro, Frenk & White
(1996) form with parameters values related to the mass of
the DM halo (Bullock et al. 2001). In the Coma cluster, for a
total mass of 1.24×1015 M⊙ (Okabe et al. 2014), the derived
DM profile is
ρ(r) =
ρs(
r
rs
) (
1 + r
rs
)2 , (6)
with ρs = 4.83 × 10
3ρc, being ρc the critical density of the
Universe, and rs = 0.545 Mpc.
In the following we will use the neutralino as a candidate
DM particle, referring to three specific models with different
representative DM particle mass and annihilation final state
(e.g. Colafrancesco et al. 2011): a model withMDM = 9 GeV
and annihilation final state τ+τ−, a model with MDM =
60 GeV and annihilation final state bb¯, and a model with
MDM = 500 GeV and annihilation final state W
+W−.
We will use values of the annihilation cross section cor-
responding to the upper limits found in dwarf galaxies by
the Fermi-LAT Collaboration (Ackermann et al. 2015); this
assumption implies that the results that will be obtained are
in accordance with the observational upper limits, but that
need to be considered as upper limits too; the real signal
produced by DM annihilation in fact might be smaller also
by many orders of magnitude.
We will also use a conservative value of the substruc-
tures boosting factor of B = 30; the value of the boosting
factor is in fact still not well constrained, because it strongly
depends on the value of the minimum substructures mass,
that at the moment is well below the resolution of cosmolog-
ical simulation (e.g. Ando & Nagai 2012). The common as-
sumption of a minimum mass of the order of the WIMP free
streaming scale, ∼ 10−6 M⊙ (Green, Hofmann & Schwarz
2005), can provide high values of the boosting factor, up to
700 or more (Springel et al. 2008, Gao et al. 2012), interme-
diate values of the order of 30–40 (Anderhalden & Diemand
2013, Sanchez-Conde & Prada 2014), or smaller values of
the order of 2 (Storm et al. 2013, 2017), depending on the
details of the cosmological simulations that have been used;
other effects can also increase the value of the boosting fac-
tor, as the DM contraction due to baryon dissipation, that
can provide a value of 2–6 (Ando & Nagai 2012), a steeper
cusp profile in the inner part of sub-halos, that can produce
a boosting factor of the order of 70 (Ishiyama 2014), or the
effect of tidal stripping, that can increase the boosting factor
by 2–5 (Bartels & Ando 2015); for these reasons, we consider
a value of 30 as a quite conservative value for the boosting
factor.
Following previous studies of the reacceleration of sec-
ondary electrons of hadronic origin (e.g. Brunetti et al.
2012), we adopt a process in two steps: in the first step we
calculate the equilibrium spectrum in eq.(1) without reac-
celeration (i.e. for Dpp = 0), representing the phase of the
cluster life when reacceleration is not effective, and in the
second step we assume a constant non-zero value of Dpp
and, taking the equilibrium spectrum previously calculated
as the initial spectrum, and maintaning the same source
spectrum due to DM annihilation, we calculate the evolu-
tion with time of the electrons spectrum until a maximum
value of the acceleration period Tacc, that is supposed to be
at maximum of the order of 1 Gyr before turbulences are
dissipated (e.g. Brunetti & Lazarian 2007). For the result-
ing electrons spectrum, we calculate the synchrotron emis-
sion for the magnetic field derived from Farady Rotation
measures (Bonafede et al. 2010), and compare the result
with the spectrum of the radio halo observed in the Coma
cluster (Thierbach, Klein & Wielebinsk 2003 and references
therein).
In our calculations, eq.(1) is solved adopting a numer-
ical approach based to a finite difference scheme applied to
a Fokker-Planck equation (Chang & Cooper 1970, Park &
Petrosian 1996, Donnert & Brunetti 2014).
3 RESULTS
We consider in our calculations two possible values of the
parameter χ, that is associated to the intensity of the reac-
celeration provided by the turbulences: χ = 1 × 10−16 s−1
and χ = 5 × 10−17 s−1, with the first one being associ-
ated to a stronger level of turbulence. These values corre-
spond to characteristic acceleration times of the order of
τacc ∼ 160 − 320 Myr, and therefore are associated to a
level of turbulence comparable to what is usually assumed
in models for reacceleration of electrons of hadronic origin,
that is of the order of τacc ∼ 200 − 300 Myr (e.g. Brunetti,
Zimmer & Zandanel 2017). We note that, while in hadronic
models, where the equilibrium and the source spectra have a
power-law shape for electrons emitting in the radio band, it
is possible to constrain the value of τacc from the frequency
where the radio spectrum shows a steepening, the electrons
spectra due to DM annihilation present an intrinsic steepen-
ing at high energy due to the fall of the production spectrum
in correspondance of the DM mass, and therefore constrain-
ing the value of τacc on the basis of the frequency steepening
is less immediate.
In Figure 1 we show the radio spectrum produced in the
case of a neutralino with mass 9 GeV and annihilation final
state τ+τ− for the equlibrium case without reacceleration,
and the spectra produced for the two values of χ we have
used, choosing the value of the total time of acceleration
Tacc that best fits the data. We can see that the effect of the
reacceleration is to increase the level of the radio emission,
bringing it from a level well below the observed one (about
one order of magnitude) up to a level similar to the observed
one in relatively short times, ∼ 120 and ∼ 450 Myr for
the two values of χ we have used. Regarding the shape of
the spectrum, the model with stronger turbulence (dashed
line in Figure 1) produces a spectrum flatter than the one
with weaker tubulence (dot-dashed line). The model with
stronger turbulence appears to better reproduce the data at
high frequencies (especially at 1.4 GHz), whereas the model
with lower turbulence is better at low frequencies (30–50
MHz).
In Figures 2 and 3 we show the other two cases of DM
particles we have considered. The case with mass 60 GeV is
quite similar to the case with mass 9 GeV, with the required
c© 2019 RAS, MNRAS 000, 1–7
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Figure 1. Spectrum of the radio emission produced for a DM
model with mass 9 GeV, annihilation final state τ+τ−, annihila-
tion cross section 〈σv〉 = 4 × 10−27 cm3 s−1, and boosting fac-
tor B = 30 for the equilibrium case without reacceleration (solid
line), the case with reacceleration with χ = 1 × 10−16 s−1 after
Tacc = 1.2×108 yr (dashed line), and the case with reacceleration
with χ = 5 × 10−17 s−1 after Tacc = 4.5 × 108 yr (dot-dashed
line).
Figure 2. Spectrum of the radio emission produced for DM mod-
els with mass 60 GeV, annihilation final state bb¯, annihilation
cross section 〈σv〉 = 1 × 10−26 cm3 s−1, and boosting factor
B = 30 for the equilibrium case without reacceleration (solid
line), the case with reacceleration with χ = 1 × 10−16 s−1 after
Tacc = 2.2×108 yr (dashed line), and the case with reacceleration
with χ = 5×10−17 s−1 after Tacc = 8×108 yr (dot-dashed line).
total reacceleration time being longer than in the case with
9 GeV. The case with mass 500 GeV requires even longer
total acceleration times, and the resulting spectra reproduce
less accurately the observed radio halo spectrum.
Finally, in Figure 4 we show the azimuthally averaged
surface brightness profile at 1.4 GHz for the three neutralino
models we have used in the case with χ = 1 × 10−16 s−1
(the profiles obtained for χ = 5 × 10−17 s−1 result to be
very similar to these ones). It is possible to see that these
models do not fit the observed shape of the radio surface
brightness; this is a consequence of the quick decrease with
radius of the DM distribution (see eq.6), that produces a
Figure 3. Spectrum of the radio emission produced for DM mod-
els with mass 500 GeV, annihilation final state W+W−, annihi-
lation cross section 〈σv〉 = 2× 10−25 cm3 s−1, and boosting fac-
tor B = 30 for the equilibrium case without reacceleration (solid
line), the case with reacceleration with χ = 1 × 10−16 s−1 after
Tacc = 2.5×108 yr (dashed line), and the case with reacceleration
with χ = 5×10−17 s−1 after Tacc = 1×109 yr (dot-dashed line).
Figure 4. Azimuthally averaged surface brightness profile at 1.4
GHz for the three cases shown in Figures 1–3 having χ = 1 ×
10−16 s−1 for the models with neutralino mass of 9 (solid line),
60 (dashed line), and 500 (dot-dashed line) GeV. Data are from
Deiss et al. (1997).
radio halo profile more peaked than the observed ones, that
is typical of DM models (e.g. Colafrancesco et al. 2006).
4 DISCUSSION
Among the models we have considered, no one seems to re-
produce very well the observed spectrum of the radio halo in
the Coma cluster along the whole spectral range. We note,
however, that we have considered only a very small sub-
set of all the possible models (in terms of neutralino mass,
annihilation final state, intensity and length of the reaccel-
eration). The exploration of a wider set of models with the
goal of finding some combination of parameters providing
an accurate fitting to the spectrum of the Coma cluster is
c© 2019 RAS, MNRAS 000, 1–7
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beyond the goal of this paper, and will be explored in the
future, considering also more accurate models for the prop-
erties of the turbulent reacceleration, and including also the
constraints that can be obtained from the spatial profile of
the radio halo surface brigthness.
It is also important to point out that the spectrum of
the Coma radio halo used in this paper has been obtained
with a variety of instruments having different sensitivities
and systematics, with fluxes that have been obtained inte-
grating in regions with different size depending on the in-
strument sensitivities, different procedures used to subtract
point sources, and different uses of flux calibration scale (see
discussion in Brunetti et al. 2013). These effects can produce
the scattering present in the data, and make difficult to per-
form a statistically significant distinction between the fits
presented in this paper, at least for the models with mass of
9 and 60 GeV. Therefore we can conclude that the range of
parameters explored in this paper allows to match the data,
but a rigorous distinction between the models would require
a preliminary standardization of the data that is beyond the
goals of this paper.
We have explored also the surface brightness profile of
the radio emission that is expected, finding that it is more
peaked than the observed one. This difference can be ex-
plained in different ways: first, as we have mentioned, in
order to simplify the calculation we have used a value of the
reacceleration parameter χ constant with the radius, and we
have neglected the effect of the spatial diffusion. A reaccel-
eration parameter increasing with the radius can have the
effect of broadening the electrons spatial distribution, and
consequently the resulting radio surface brightness profile.
A broadening of the electrons spatial distribution can be
produced also by the spatial diffusion, that anyway should
not have a big effect at large distance from the cluster cen-
tre for DM halos with mass of the order of a galaxy cluster
(Colafrancesco et al. 2006). We note also that in this paper
we have considered only the main central DM halo, but it
has been found that the observed distribution of DM sub-
halos inside the cluster has a spatial shape similar to the
one of the radio halo (Brown & Rudnick 2011), and that
considering the sub-halos distribution in DM models pro-
duces a radio surface brightness profile more similar to the
observed one (Marchegiani & Colafrancesco 2016). Finally,
it is also possible that the contributions of different species
of electrons can be important at different distances from the
cluster centre, producing in this way a broader radio emis-
sion (e.g. Zandanel, Pfrommer & Prada 2014).
In general, these results show that, other than primary
and secondary electrons of hadronic origin, also electrons re-
sulting from DM annihilation can be the seed for the reaccel-
eration due to the turbulences produced following a merging
event. According to these results, reacceleration with mod-
erate intensity can provide a radio emission with intensity of
the order of the observed one in relatively short times, that
are compatible with the times for which turbulent reaccel-
eration is expected to be effective (e.g. Brunetti & Lazarian
2007), when considering conservative values of the substruc-
tures boosting factor, and values of the annihilation cross
section in accordance with the upper limits found in other
astrophysical experiments. As mentioned, these values have
been normalized to the upper limits derived in dwarf galax-
ies, therefore also the the fluxes that have been calculated
are upper limits; if the real values of the annihilation cross
section are much lower than the values that have been used,
also the corresponding fluxes would be consistently reduced.
As well as models based on reacceleration of electrons
produced in hadronic interactions, the models considered in
this paper suggest that in clusters that are “off-state” (i.e.
without turbulent reacceleration effective) a diffuse radio
emission about one order of magnitude lower than the ob-
served one should be present because of the electrons conti-
nously produced by DM annihilation and in equilibrium with
the energy losses. Forthcoming instruments like MeerKAT
or SKA should be able to detect this off-state radio emis-
sion in relaxed clusters (e.g. Cassano et al. 2012), that in
DM models should be directly related to the mass of the
cluster.
Where the DM models are different from the hadronic
ones is instead in the level of gamma rays they predict: while
cosmic ray protons are expected to be reaccelerated by tur-
bulences, this is not expected for DM particles. As a con-
sequence, while for models based on reacceleration of elec-
trons of hadronic origin the level of gamma rays in disturbed
galaxy clusters like Coma is expected to be very close to the
present upper limits found by Fermi-LAT (e.g. Brunetti et
al. 2017), for DM models the level of gamma rays is expected
to not be affected by turbulent reacceleration, and to be sim-
ilar in disturbed and relaxed clusters. In particular, we have
calculated that in Coma the gamma ray flux expected for the
models we have considered is F (> 0.1 GeV) = 1.7 × 10−11,
1.4 × 10−11, and 3.8 × 10−12 cm−2 s−1 for the 9, 60, and
500 GeV model, respectively, while the upper limit in the
same band derived with Fermi-LAT is 4.2× 10−9 cm−2 s−1
(Ackermann et al. 2016), i.e. more than two orders of mag-
nitude higher. Therefore the detection, or a non-detection,
of a gamma ray flux at a level just below the present upper
limit values, can point towards a hadronic or a DM origin
respectively for the seed electrons that are reaccelerated by
turbulences.
Models based on reacceleration of primary electrons (for
example accelerated by shocks or injected by AGNs, see e.g.
Brunetti et al. 2001) also predict a level of gamma rays much
weaker than the hadronic models. A possible way to discrim-
inate between primary or DM-produced electrons in the case
of low gamma ray emission might be obtained by looking at
the spatial distribution of the radio emission: since the dif-
fusion length of electrons is much smaller compared to the
typical size of a radio halo (e.g. Blasi & Colafrancesco 1999),
also after the reacceleration phase the electrons are not ex-
pected to move far from the acceleration site. Therefore, for
primary electrons we should expect a more irregular spa-
tial distribution of the radio emission, with peaks located
close to the acceleration regions (see e.g. Miniati et al. 2001
for the radio emission resulting in the case of a shock front
crossing a cluster), whereas for DM-produced electrons we
should expect a more regular distribution of the radio emis-
sion, with possible sub-peaks located in correspondence of
DM sub-peaks (e.g. Marchegiani & Colafrancesco 2016).
5 CONCLUSIONS
In this paper we have explored the role of turbulent reac-
celeration on electrons produced by DM annihilation in the
c© 2019 RAS, MNRAS 000, 1–7
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Coma cluster. We have found that, if the annihilation cross
section is of the order of the upper limits derived with
gamma rays observations of dwarf galaxies, for a moderate
level of reacceleration the observed level of the flux of the
Coma radio halo can be reached in relatively short times,
that are compatible with the expected duration of the reac-
celeration phase, even using conservative values of the sub-
structures boosting factor. Therefore, we conclude that elec-
trons produced by DM annihilation can be possible seeds for
the reacceleration activity, as well as primary or secondary
electrons of hadronic origin.
For the limited set of reacceleration parameter values
and neutralino models used in this paper, we have found
that the range of parameters that has been adopted can al-
low to match the data, even if the scattering present in the
data does not allow to distinguish between the fits obtained
with different models. Wider ranges of DM models, as well
more detailed models for the reacceleration, including also
the spatial properties, and possibly a specific standardiza-
tion of available data, will be considered in future papers.
We also found that the level of diffuse radio emission
produced by DM-originated electrons without reacceleration
should be about one order of magnitude below the observed
flux. Therefore, a diffuse radio emission in other nearby clus-
ters with mass similar to Coma but in a relaxed state should
be in principle observable with next-generation of radio in-
struments like MeerKAT or SKA.
Finally, a possible way to discriminate between models
based on the reacceleration of electrons of DM or hadronic
origin is given by the gamma ray emission produced in the
cluster, that should be close to the present upper limits in
the case of hadronic electrons, and much lower in the case
of DM-originated electrons. The spatial distribution of the
radio emission should instead help to distinguish between
models based on reacceleration of primary or DM-produced
electrons, because in the first case the radio emission should
have a spatial distribution more irregular than in the second
case.
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